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U.S. Regulatory Stance on Shelf 
Life

• Federal Laws
– Required for drugs, OTC and infant formula

– Drugs  10% loss below label  value on lower 95% CL line

– All other food products voluntary - no mention in regs
• State laws 

– 30 states regulate some dates (dairy, meat)
– Minnesota ≤ 90 days
– None based on safety more for commerce 



EU Dating Rules
Directive 97/4/EEC Article 9 of 79/112/EEC. 
1. The date of minimum durability of a foodstuff shall be the date until 
which the foodstuff retains its specific properties when properly stored. It 
shall be indicated in accordance with the provisions of this article.

2. The date shall be preceded by the words:
--“Best before…” when the date includes an indication of the day,
--“Best before end…” in other cases

3, In the case of foodstuffs which, from the microbiological point of view, 
are highly perishable and are therefore likely after a short period to 
constitute an immediate danger to human health, the date of minimum 
durability shall be replaced by the “use by” date.



�USDA -FSIS 1998 
Guidance for Beef Grinders to Better Protect Public Health

Guidance for Minimizing Impact Associated with a Food Safety 
Hazard in Raw Ground
Meat and Other FSIS Regulated Products

Install a time-temperature indicator on the package to indicate adequate 
temperature of storage,  distribution, and display (in grocery and other 
retail establishments).



Time Temperature Integration

• Combine T vs t, k and Ea functions  in algorithm
– Temperature vs time  measurement
– Algorithm for Reaction extent as f(t,T)
– Shelf life plot needed
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3M Diffusion Tag for WHO MMR 
program

http://www.fdcpackaging.com/temperature/time_indicators.html
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1500 days v 25 days

ie 60 fold



Shelf Life plots food or drug  vs tag
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3 M Vaccine tag
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US Patent 5,667,303
• Time-Temperature Integrating Indicating Device  Arens et al. 3M  9/97
• New concept of a diffusion tag with variable Ea based on WLF kinetics
• Range 15 Kcal to 30 Kcal/mole

matrix

diffusant

pattern



Lifelines acetylenic monomer tag
polymerization catalyzed by Pt

Activation Energy ~ 19 - 30 Kcal/mole



Vaccine Vial Monitor (VVM) Lifelines

• WHO mandated programs for health care and food safety. 

– Vaccine Vial Monitors mandated by World Health 
Organization and UNICEF

– ISO 9001.2000 and HACCP 
• Sold > 120 million “Heatmarker” labels for polio VVM (100% of WHO 

requirement)
• http://www.fsci.umn.edu/Ted_Labuza/PDF_files/papers/Vaccine_TTIuse.pdf



VITSAB enzyme reaction tag
Activation Energy ~ 20- 35 Kcal/mole

Many uses and part of 
S�MAS



Tell the Truth Tape
Newsweek 9/28/98 pg 14

“Manufacturers will still remain dependant on 
good refrigeration and safe handling by 
truckers and supermarket employees. Ted 
Labuza, professor of food science and 
engineering at the U of M, has designed a 
special “tell the truth” tape that records a 
food’s “time-temperature history” and turns a 
darker gray when the food is spoiled.”



TTI Problems

• need marker for shelf life
• Need to collect food Ea data
• Must  match tag kinetics to 

activation energy and run-out 
time of food - time consuming 

• Food (or tag) must not have 
history effect

• ease of reading end point
• sorting
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Commercial Application Problems

• Don’t want to know about problem
• Liability if tied to safety
• Marketer’s resistance to cost 
• BUT!!!!  Tracing with time-temperature logging is insurance 

policy and gets “who did it”

• So paradigm shift to electronics

So portable active “data loggers” critical



Reymomsis Fish Shelf Life Data Logger and 
Integrator 1970

For fresh fish



Hughes GeoStar
GPS Satellite delivery control

Logistics management and Profitability  ECR



1990’s generation electronic sensors 
data loggers for t/T

• Comprised of

• thermocouple or thermistor sensor

• clock oscillator

• memory chip

• microprocessor

• RS232 port for output to computer



Data loggers

• Reusable
• $10-$50 cost
• Designed for distribution system
• Re-useable
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Alien Technology

• 915 MHz RFID tag read @ 15 meters
• User defined time intervals - 1000 values
• No integration but data logging of t/T
• Reusable with 5 year life
• http://www.alientechnology.com/
• Possible DOD use



DAX



iButton

• Thermistor (-40 °C to +80°C) in ∆ 0.5 C
• Clock/calendar (seconds up to years) @ ± 1 min/month
• Thermal history logger ~ 1 million points
• Extra memory for manifest
• http://www.ibutton.com/ibuttons/index.html
• Cost $2 to $53



Freshloc 
t/T and t/%RH logging

http://www.freshloc.com/



The CliniSense LifeTrack™

Product monitoring over the entire 
pharmaceutical lifetime

Detecting all breaks in the cold chain



Clinisense LifeTrack unit
+/- good
bad 
display

Lifetime
bar

Infrared
LED

Battery
door

Programming
& expansion
Port

Battery
(3 yr life)

Thermistor

US & foreign patents pending



The stability bank algorithm

Small # of withdrawals 
per hour

High # of 
withdrawals per hour

Stability bank "B"

Low temperature

High temperature



3M Chilean Electronic logger



Informatics  UPC paradigm shift to ePC
• Traceability

2002 Biosecurity Act empowers FDA to require traceability (one step 
back & forth)

2006 FDA and USDA issue proposal to tie use by date to food safety -
need for t-T data

EU directive 178/2002 Article 18 traceability 2005

Country of Origin (wine, cattle (BSE), fish, cheese, fruits & veges etc)



What do we want to do ?

• Get the location of a lot of food  in the cold distribution chain 
in case of an event (recall or bioterror event) ?

• Where did ingredients come from?
• What about the ingredients in ingredients? 
• What line, batch #, date, time was it made on?
• What is the shelf life left of the product?
• Is the food safe when we eat it, either by sensing agents or 

by modeling?



EU Requirement
178/2002 Article 18 Traceability  1/1/05 

All stages- production, 
processing & distribution

Food, animals, 
ingredients and feed

Info available on demand

Forward and backward



Meat  traceability and recalls
• August 2002 19.8 MM lb hamburger recall 

– 30 ill with E coli O157:H7
– 1 death
– Only 8000 lbs back
– Had a 3.5% rework policy



One cow with BSE -->damage
• In 2002 Canadian exports of beef were $4 billion
• On first day (5/20/03) McDonalds lost $1.2 Billion in stock market
• Canadian farm losses were $11 MM/day
• Feedlot losses  (1st month $400 MM)
• in July $3.1 billion outstanding loans
• August 2003 total loss $42 billion
• Today $11 MM per week 
• GNP reduction ~1%



Journal of Food Protection, Vol. 68, No. 8, 2005, Pages 1761–1775  
Supplement
Considerations for Establishing Safety-Based Consume-By Date Labels for 
Refrigerated Ready-to-Eat Foods

ADOPTED 27 AUGUST 2004, WASHINGTON, D.C.
NATIONAL ADVISORY COMMITTEE ON MICROBIOLOGICAL CRITERIA FOR 
FOODS

NACMCF Executive Secretariat,* U.S. Department of Agriculture, Food Safety 
and Inspection Service, Office of Public Health Science, Room 333
Aerospace Center, 1400 Independence Avenue S.W., Washington, D.C. 20250-
3700, USA
MS 05-701: Received 7 February 2005/Accepted 1 March 2005



Wine origin by unique DNA

Stony Brook NY  adnas.com



Electronic “Smart Labels” for TTI

• Driven by 
– Current TTI- No data storage to find weak link (insurance)
– Electronics got smaller so can be on consumer package
– Move towards electronic tags with RFID to “read at a distance” and 

to replace bar codes with traceability 
– Can build in run out time and activation energy on computer chip so 

kinetics match is easy to do 
– Can put in multiple modes of deterioration (eg TTD, lag, log growth 

phase) 
– Can create sharp end point
– Electronics does not have history effect
– Decision making based on LSFO vs old FIFO
– Combine with traceability



� KSW  Microtec AG

DIN ISO 15693-3

3 V 13.56 MHz

Memory 4 blocks 256 Bytes R/W

time sampling 10 sec to 16 hr

-15 °C to 50 °C



Eliminate shrink

Ship based on least shelf life left (LSFO) JFS 68(1):201-9
J Food Protection 64(7): 1051-57      http://smas.chemeng.ntua.gr



SUPPLY CHAIN BENEFITS

Product Received is OK—
Shelf Life Left:

62 %

Shelf Life-Based 
Logistics based on 
LSFOInduction

• Processing
• Identification
• Sortingfor trp

DCs
• First In
• Least Shelf Life Out

Shipping
• Perishable Shipping Services

Release this FIRST..At this 
temperature the shipment must

arrive at the retailer in 3 days

www.infratab.com FDA traceability requirements plus TTI

Re-order



Flower study  - logistics 
management and marketing



Flower distribution management



Bioett



Micro-electronic TTI tag vendors

• Technopuce (France)
– Acti-Tag      RFID TTI for t/T integration
– Hemo-Tag TTI for blood (two technology awards)
– http://www.technopuce.com/



Reduces probability of food 
poisoning

-0.10

0.00

0.10

0.20

0.30

0.40

0.50

-16 -14 -12 -10 -8 -6 -4 -2 0

Log probability of illness

P
ro

ba
bi

lit
y

FIFO
SMAS



Critical Factor - Cost



Critical Factors - technology

• Choice of frequency ISO standards 13.54 Mz
• Data standards ePC Global
• Water absorption of µ-wave reduces power  to read at a 

distance - size and antenae design
• Reflectivity of metal (foil pouches, metal cans, foil liners)
• Standards for readers
• Software compatibility - middleware
• Data security
• Time-temp algorithms



Use concerns
• Error rate on line
• Influence of environment on tag
• Recycling prohibitions if on primary package & single use
• Ease of returnability if multiple use
• Environmental disposal (EPA)

– Heavy metals in battery and board/chips
– organics



Traceability concerns

• 4th amendment rights of privacy
• Cost of implementing  RFID vs paper files
• Pallets vs cases vs packages (TRU)
• Standards for data security during  collection, management 

and sending
• KISS software
• Palm/reader compatibility



Positives of RFID & TTI (or other sensing)

• Reduce shrink 
• Capture problems on the run (who’s the culprit)
• Improve safety (foods, drugs, diagnostics, vaccines, 

medical devices, blood, organs)
• Improve traceability for recalls
• Enhance functionality (munitions, epoxy, paints, fine 

chemicals, film)
• Logistics and traceability (cattle & BSE)
• You name it !!!



Other applications

• Ensuring proper medication in hospitals
• Sentinel chickens for avian flu (H5N1) detection
• Tracing lost pets
• Taking pet’s temperature
• Alcohol blood sensor in-plant for alcoholics
• Tracing sex offenders
• Tracking lost children (the Matrix)
• Country of origin
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